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A method of polarimetric imaging,
now undergoing development, involves
the use of two photoelastic modulators
in series, driven at equal amplitude but
at different frequencies. The net effect
on a beam of light is to cause (1) the di-
rection of its polarization to rotate at the
average of two excitation frequencies
and (2) the amplitude of its polarization
to be modulated at the beat frequency
(the difference between the two excita-
tion frequencies). The resulting modu-
lated optical light beam is made to pass
through a polarizing filter and is de-
tected at the beat frequency, which can
be chosen to equal the frame rate of an
electronic camera or the rate of sam-
pling the outputs of photodetectors in
an array.
The method was conceived to satisfy a
need to perform highly accurate polari-
metric imaging, without cross-talk be-
tween polarization channels, at frame
rates of the order of tens of hertz. The use
of electro-optical modulators is necessi-
tated by a need to obtain accuracy greater
than that attainable by use of static polar-
izing filters over separate fixed detectors.
For imaging, photoelastic modulators are
preferable to such other electrio-optical
modulators as Kerr cells and Pockels cells
in that photoelastic modulators operate at
lower voltages, have greater angular ac-
ceptances, and are easier to use. Prior to
the conception of the present method,
polarimetric imaging at frame rates of
tens of hertz using photoelastic modula-
tors was not possible because the reso-
nance frequencies of photoelastic modu-
lators usually lie in the range from about
20 to about 100 kHz.
It is conventional to characterize the
polarimetric state of incident light in
terms of the Stokes vector (I, Q, U, V),
where I represents the total intensity; Q
represents the excess of intensity of light
polarized at an angle designated as 0°
over that of light polarized at a relative
angle of 90°, U represents similarly the
excess of intensity at 45° over that 135°,
and V represents the excess of intensity
of right circular polarization over left
circular polarization. It has been shown
theoretically that in the present method,
there should be no cross-talk between
the Q and U channels and that it should
be possible to obtain the ratio U/I from
two readings of a single photodetector
taken when the polarizer is in two orien-
tations that differ by 45°.
The figure schematically depicts a lab-
oratory setup that was used to demon-
strate the feasibility of the method. A
collimated beam of white light was par-
tially polarized by a glass plate at an
oblique angle. The degree of polariza-
tion could be changed by rotating the
glass plate. The light then passed
through a circular-polarization subsys-
tem that included (1) two photoelastic
modulators having their fast axes at an
angle of 0°, sandwiched between (2) two
quarter-wave retarders oriented at an-
gles of 45° and 135°, respectively. The
two photoelastic modulators had reso-
nance frequencies of about 42 kHz, dif-
fering by a beat frequency of about 9 Hz.
The modulated light was then made to
pass through a 0° or 45° polarizer on the
way to a photodetector. A band-pass fil-
ter having a nominal pass wavelength of
672 nm with 20-nm bandwidth was
mounted between the polarizer and the
photodetector. Results of several experi-
ments at various degrees of linear polar-
ization were found to agree substantially
with theoretical predictions.
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The frame rate is the difference between the resonance frequencies of the modulators.














hundreds of hertz, and no computer is
needed to determine the centroid.
The camera is based on a position-sen-
sitive detector (PSD), which is a rectan-
gular photodiode with output contacts
at opposite ends. PSDs are usually used
in triangulation for measuring small dis-
tances. PSDs are manufactured in both
one- and two-dimensional versions. 
Because it is very difficult to calibrate
two-dimensional PSDs accurately, the
focal-plane sensors used in this camera
are two orthogonally mounted one-di-
mensional PSDs. The camera also in-
cludes a beam splitter and two cylindri-
cal lenses to focus line images of the
target onto the PSDs — more specifi-
cally, to form a horizontal line image on
the vertically oriented PSD and a verti-
cal line image on the horizontally ori-
ented PSD. The outputs from both ends
of each PSD are processed by analog cir-
cuitry (see figure) to obtain an analog
signal proportional to the displacement
of the image centroid from the mid-
length position along the PSD. The di-
rection-measuring error of the readout
has been found to be no more than
1/2,700 of the angular width of the field
of view. 
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Two Photoelastic Modulators driven at different frequencies were sandwiched between quarter-wave
retarders, causing the polarization of the light to rotate at the average frequency at an amplitude
that oscillated at the difference frequency.
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